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Summary
Objective: Familial osteochondritis dissecans (OCD) is a rare disorder characterised by disturbed chondro-skeletal development, dispropor-
tionate growth and deformation of the skeleton.
Design: We identiﬁed a ﬁve-generation family with 15 living affected members from Northern Sweden. The disorder was diagnosed with
a case deﬁnition of OCD in at least one joint.
Results: Main clinical ﬁndings consisted of OCD in knees and/or hips and/or elbows, disproportionate short stature and early osteoarthritis
(OA). There were no radiological indications of epiphyseal dysplasia. Anthropometric measurements of affected individuals showed short
stature, a high ratio between sitting height and total height, a relatively normal arm span and head circumference. In 12 of 15 cases, onset
was during late childhood or adolescence and OA had developed in seven of those patients.
Conclusions: Our observation suggests that OA is a frequent complication in familial OCD even though the lesions appear before closure of
physis.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteochondritis dissecans (OCD) is deﬁned as a separation
of cartilage and subchondral bone from the surrounding
tissue and the disease affects primarily the knee, ankle
and elbow joints1. The disease is usually sporadic but
rare inherited forms with variable phenotype have been
reported2e12. Clinical features of the inherited form of
OCD include short stature or dwarﬁsm, OCD in knees and
elbows and Scheuermann’s disease2e12. The typical radio-
logical features in OCD include a circumscribed area of
sclerotic subchondral bone separated from the remainder
of the epiphysis. The vast majority of OCD lesions occurring
before the epiphyseal lines close heals spontaneously13. A
long-term follow-up of OCD of the knee treated in childhood
showed that the likelihood of development of osteoarthritis
(OA) was proportional to the size and the location of the
area involving the OCD lesion14. In contrast, OCD lesion
in joints with a closed epiphyseal line almost always de-
velop into OA13. The prevalence of OCD in the knee has
been estimated to between 15 and 29 per 100,000 with*Address correspondence and reprint requests to: Dr Eva-Lena
Stattin, Department of Medical Biosciences, Medical and Clinical
genetics, Umea˚ University, S-901 85 Umea˚, Sweden. Tel: 46-90-
785-1324; Fax: 46-90-12-81-63; E-mail: evalena.stattin@
medbio.umu.se
Received 15 October 2007; revision accepted 17 November
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890a preponderance for males of 2:115. The aetiology behind
OCD is likely to be heterogeneous including trauma, inﬂam-
mation, ischaemia and defects of ossiﬁcation16. A genetic
defect has also been suggested and supported by reports
on familial occurrence of OCD. We report here on the clin-
ical and radiological abnormalities in a family with an auto-
somal dominant form of OCD and our ﬁndings suggest that
the disease is caused by an early onset disturbance in skel-
etal and cartilage morphogenesis.Materials and methodsSUBJECTSThe index case was a 15-year-old boy referred to the department of
Clinical Genetics, Umea˚ University Hospital, Sweden for genetic evaluation
of suspected skeletal dysplasia. The proband experienced the ﬁrst symp-
toms at the age of 6 years consisting of pain in the knees after exercise, wad-
dling gait and difﬁculties in descending stairs. Clinical examination and
radiological imaging were performed suggesting a skeletal dysplasia with
disproportionate short stature. X-ray showed low intervertebral discs in tho-
racic- and lumbar-spine and OCD in both knees and one hip. The clinical
and radiological features indicated familial OCD and without similarities to
any other previously described skeletal dysplasia. Family history revealed
approximately 30 additional family members in ﬁve generations with similar
symptoms, indicating an autosomal dominant mode of inheritance.
To establish a diagnosis, we offered a physical examination to all family
members. The examination included an interview-based questionnaire on
joint pain, affected joints, age at onset, pharmacological or surgical treat-
ment and function. Clinical examination was performed including anthropo-
metric measurements of height, weight, arm span, sitting height and head
circumference. In total, 53 family members were examined out of which 14
presented with clinical signs similar to those of the proband. Family mem-
bers with radiological or magnetic resonance imagining (MRI) ﬁndings
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Fig. 1. Pedigree of a family with hereditary OCD. Some healthy family members excluded in order to improve the overview. illed symbols represent affected subjects.
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Fig. 2. OCD at the lateral aspect of the medial femoral condyle.
892 E.-L. Stattin et al.: Familial osteochondritis dissecansconsistent with OCD in at least one joint were deﬁned to be affected by the
disease.
Data of previous radiological investigations were collected from patient
records and additional radiological investigations were performed in 13
subjects. We re-evaluated old and new investigations. Four family members
underwent MRI and one member underwent X-ray of knees and hips in order
to conﬁrm or exclude the diagnosis. Radiological examinations of hands
were made in eight affected individuals to evaluate if brachydactyly was
part of the disease.
The body height was determined with traction; the mean value of three
measurements was used. Sitting height was measured using a standard
chair 50 cm high.Table
Baseline characteristics of members in a
Individual Gender:
female (F)/
male (M)
Age at
onset
(years)*
Age at
follow-up
(years)
Height, cm
(SD)y
Arm s
(
III-4 F 20e30 81 145 (3.8) 145
III-14yy M 20e30 73 152 (4.5)
III-17 M 10e20 68 158 (3.4) 159
III-20 M 10e20 64 158 (3.4) 163
III-23 F 10e20 62 148 (3.2) 151
III-26 F 10e20 52 156 (2) 158
IV-2 F <10 39 146 (3.6) 150
IV-3 M <10 39 152 (4.5) 165
IV-5 M 10e20 27 157 (3.6) 168
IV-7 M 10e20 39 160 (3) 165
IV-9 M <10 36 167 (2) 169
IV-10 F 10e20 34 146 (3.6) 141
IV-19 M 10e20 37 168 (1.9)** 173
V-1 M <10 15 152 (3) 163
V-3 M <10 13 152 (1) 159
*Age at onset of symptoms, data from questionnaire (<10, 10e20, 20
ySD, deviation from the mean height of the Swedish population16.
zArm span compared with a reference population17.
xSitting height % of total height, sitting height and head circumference
kSevere scoliosis.
**Treated with GH.
yyIII:14 was measured by the district nurse and the nurse did not meaWe obtained informed consent from all participants and this study was
approved by the Research Ethics Committee of Umea˚ University Hospital,
Sweden.STATISTICAL ANALYSESANOVA was used for comparing mean values and chi-square for compar-
ing proportions. P-values of <0.05 was considered signiﬁcant. Pearson’s
correlation coefﬁcient is shown with two-tailed signiﬁcance. Statistical analy-
sis was adjusted for gender. For statistical analysis the software SPSS
version 12.0.1 was used.ResultsCLINICAL FINDINGSFifteen affected family members were identiﬁed, all of
those complained from stiffness in the knees, pain with
insidious onset, catching, locking and ‘‘give way phenom-
ena’’. Eleven affected family members had undergone
surgical procedures (removal of loose cartilaginous frag-
ments from knees, drilling of OCD sites, tibia osteotomies
and arthroplasties). Four affected subjects had a history of
clinical signs from ulnar nerve entrapment, with numbness
of the little ﬁnger and ulnar half of the ring ﬁnger. The four
subjects had undergone nerve decompression and trans-
position of the ulnar nerve at the elbow.
The pedigree (Fig. 1) is consistent with an autosomal
dominant inheritance with a full penetrance for a mutant
gene. None of the spouses who had married into the family
had any signs of the disease. The 15 family members from
whom we obtained information of joint and skeletal disease
were conﬁrmed as affected by OCD after clinical examina-
tion and radiological evaluation showing characteristic
changes in at least one joint (Fig. 2).
Results from the clinical examination are shown in Table I.
Thirteen affected family members had a body height of 2
standard deviations (SDs) or less than 2 SD when com-
pared to a Swedish reference population17. Two affectedI
family afflicted by hereditary OCD
pan, cm
SD)z
Sitting height, cm
(SD)x
Sitting height %
of total height
(SD)x
Head
circumference,
cm (SD)x
(4) 70 (5)k 48 (2.7) 53 (1.5)
e e e 57 (0)
(3) 89 (1.2) 56 (þ3.5) 56.5 (0.5)
(2.4) 88 (1.5) 56 (þ3.5) 54.5 (1.5)
(3.2) 82 (1.9) 55 (þ2) 54.5 (0.5)
(2.3) 84 (1.3) 54 (þ1.2) 54.5 (0.5)
(3.3) 83 (1.6) 57 (þ3.8) 55 (0)
(2.6) 84 (2.4) 55 (þ2.8) 57 (0)
(2) 81 (3) 52 (þ0.4) 55.7 (0.7)
(2.6) 86 (2) 54 (þ2) 55 (1)
(2) 90 (1) 54 (þ2) 57 (0)
(4.8) 81 (2.2) 55 (þ2) 54.5 (0.5)
(1.5) 93 (0.2) 55 (þ2.8) 57.5 (þ0.2)
(1.8) 86 (0.5) 56 (þ4) 59 (þ1.8)
(0.2) 78 (1) 51 (0) 54.5 (0)
e30, 40e50, >50).
compared with a reference population18.
sure the arm span nor the sitting height.
Table II
Radiological findings in 15 examined cases and three deceased relatives in a family with autosomal dominate inherited OCD
Individual Gender:
female (F)/
male (M)
Age at
follow-up
(years)
Knee Patella Hip Elbow OCD, OA in other joints,
tibia vara and ulnar nerve
transposition
III-4 F 81 OCD bilat, OA bilat OA bilatx OCD unilat,
OA unilat
OA in shoulders,
spondyloarthrosis, ulnar
nerve transposition
III-6 M Deceased OCD bilat*, OA bilat OCD bilat,
OA bilat
OCD bilat,
OA bilat
III-8 M Deceased OCD bilat*, OA bilatz OA bilat
III-11 M Deceased OCD bilat*, OA bilat OCD bilat,
OA bilatx
OCD bilat,
OA bilat
III-14 M 73 OCD bilat*, OA bilat OA bilatx OCD bilat,
OA bilat
Ulnar nerve transposition
III-17 M 68 OCD bilat*, OA bilatz OCD bilat,
OA bilatx
OCD bilat,
OA bilat
Tibia varay, ulnar nerve
transposition
III-20 M 64 OCD bilat*, OA bilatz OCD bilat Ulnar nerve transposition
III-23 F 62 OCD bilat*, OA bilaty,z OA metatarsophalangeal joint I
III-26 F 52 OCD unilat*, OA bilatz
IV-2 F 39 OCD unilat*, OA unilat
IV-3 M 39 OCD bilat*, OA bilat OCD bilat
IV-5 M 27 OCD unilat
IV-7 M 39 OCD bilat*, OA bilat
IV-9 M 36 OCD unilat
IV-10 F 34 OCD bilat*,
OA unilat
OCD unilat
IV-19 M 37 OCD bilat OCD bilat Tibia varay
V-1 M 15 OCD bilat*,y OCD unilat
V-3 M 13 OCD bilat OCD bilat
The earliest sign of OA in the knee was at the ages of 30 years and OA in the hip was at the age of 33 years.
*Arthroscopy/arthrotomies.
yTibia or femur osteotomies.
zKnee arthroplasties.
xHip arthroplasties.
893Osteoarthritis and Cartilage Vol. 16, No. 8individuals had a more normal body height, one of which
was still a growing child (height 1 SD) and the other
a male who had been treated with growth hormone (GH) be-
fore puberty (height 168 cm; 1.9 SD). Mean height for af-
fected females was 148 cm (range 145e156) and forFig. 3. Femoropatellar OCD, ﬁve cases hamales 156.5 cm (range 152e167; not including the patient
treated with GH). Growth charts were available for ﬁve sub-
jects and height at birth was within 2 SD in all of them. The
prepubertal longitudinal growth in these subjects during in-
fancyechildhood was between 0 and 2 SD. The growthd OCD in the femoral patellar joint.
Fig. 4. OCD in caput femoris.
Table III
Anthropometric measurements, affected compared with healthy
family members in a family with hereditary OCD
Affected,
mean (SD)
Healthy family
members,
mean (SD)
P value*
n¼ 13 n¼ 27
Age 48.38 45.15
Gender, male % 62% 44% 0.31
Height 152.6 (6.5) 170.1 (9.1) <0.001
Weight 65.3 (13.6) 78.2 (17.4) 0.010
Arm span 156.9 (9.2) 170.5 (11.1) <0.001
Sitting height 83.3 (5.3) 92.8 (4.5) <0.001
Head circumference 55.4 (1.6) 56.5 (2.3) 0.027
Shoe number 38.5 (2.2) 40.5 (2.3) <0.001
Anthropometric measurements, 12 affected and 20 healthy fam-
ily members in the table are measured by the ﬁrst author, the rest
are measured by a local nurse. Children excluded (one affected
and ﬁve healthy family members). One affected treated with GH
is excluded. ANOVA*, adjusted for gender, there was no signiﬁcant
interaction between gender and disease.
894 E.-L. Stattin et al.: Familial osteochondritis dissecansspurt appeared to be poor resulting in a ﬁnal height of 2 to
4 SD.
Data on arm span and sitting height was available for 14
of the affected individuals. Eleven out of 14 cases had an
arm span of 2 SD compared to a reference population18.
Five out of 14 patients had a sitting height of 2 SD and the
ratio sitting height/total height was 2 SD in 10 out of 14
when compared to a reference population19. Affected family
members had normal head circumference19.RADIOLOGICAL MANIFESTATIONSRadiological ﬁndings in 15 examined affected family
members as well as in three members who were deceased
at the time of the clinical investigation are summarised in
Table II. In addition to previously performed radiological
investigations, we performed MRI of the knees and hips in
four affected individuals and X-ray of knees and hips in
one case. Eight affected family members underwent X-rayFig. 5. Severe OA of both hipsof the hand (four cases right and left hand and four cases
right hand).
Fifteen affected family members had OCD at the lateral
aspect of the medial femoral condyle (Fig. 2) and ﬁve
were diagnosed with OCD in the femoral patellar joint
(Fig. 3). Five individuals had OCD located at the femoral
head (Fig. 4) and seven had OCD in the elbow, located in
the humeral capitellum.
OA, deﬁned as a signiﬁcant narrowing of the joint
space20, was observed in the medial knee joint (12 cases),
in the hip (six cases; Fig. 5) and in the elbow (ﬁve cases;
Table II). OCD of the knee associated with tibia vara was
observed in two affected individuals.
Radiological examination of the hand was performed in
eight affected family members including measurement of
the metacarpal bones and phalanges. All affected individ-
uals except two had normal length of the carpal bones
(within 2 SD) when compared to a Swedish reference21.
One case had slightly shorter metacarpal bones, II, III and
IV. The second case had brachydactyly (3.5 and 4 SD)
in the distal phalanx of the ﬁrst and third digits. There were
no radiological changes consistent with epiphyseal dyspla-
sia or multiple epiphyseal dysplasia.
The anthropometric data from affected and healthy family
members are shown in Tables III and IV.at the age of 52 years.
Table IV
Data from questionnaire, affected compared with healthy family
members in a family with hereditary OCD
Affected,
n¼ 15 (%)
Healthy family
members, n¼ 32 (%)
P value*
Joint pain 93 53 0.008
Pain> 6 month 85 25 0.001
Knee pain 87 38 0.002
Ankle pain 20 19 1.0
Hip pain 60 34 0.1
Elbow pain 40 16 0.1
Another joint pain 33 22 0.5
Operation 80 19 <0.001
Knee op 67 13 <0.001
Hip op 27 3 0.03
Elbow op 20 0 0.03
Tibia pain 47 25 0.2
Tibia operated 40 9 0.02
Medicine 53 78 0.3
*Chi-square test, spouses excluded, children included.
895Osteoarthritis and Cartilage Vol. 16, No. 8GENEALOGYThe common ancestor of affected members in this family
was born 1855 in the parish of Svartla˚, O¨verlulea˚ in Norrbot-
ten County, Sweden (Fig. 1). She married in 1881 and gave
birth to seven children. Family members reported that she
suffered from swelling and pain in the elbows and knees
from childhood and onwards that she was short of stature
and walked with a limp.Discussion
We present herein the clinical characteristics of 15 family
members with OCD from a single large pedigree. The com-
mon features include OCD in knees and/or hips and/or el-
bows, early onset OA and disproportionate short stature
with long trunk in relation to the body height. Radiological
investigations conﬁrmed OCD in knees, hips and/or elbows
and OA was diagnosed in 10 affected family members. We
also observed that four out of ﬁve affected individuals with
OCD in the elbow had experienced ulnar nerve entrapment
and had undergone ulnar nerve transposition.
A description of part of this family has been reported
previously by Stougaard9. He found that short stature
(153e164 cm) in this family was associated with OCD in
knees and that tall stature (170e182 cm) was associated
with OCD in elbows. In our study we could not conﬁrm
this association between OCD in speciﬁc joints and body
height. In contrast to the previous report, our examination
of all living family members revealed that all affected adults
had a signiﬁcantly shorter stature (2 SD) than unaffected
family members.
The longitudinal growth in infancy and childhood was be-
tween 0 SD and 2 SD, with a poor growth spurt resulting
in a ﬁnal height of 2 SD to 4 SD. This suggests that the
short stature among affected subjects is a result of reduced
pubertal growth, which normally represents approximately
15e20%of the ﬁnal adult height22. Interestingly, one affected
male (IV-19) in our family who had been treated with GH dur-
ing childhood and before epiphyseal closure had a body
height of 168 cm,which is 11.5 cm taller than themeanheight
of the affected males. This observation suggests that chil-
dren with familial OCD might beneﬁt from GH treatment.
The vast majority of common OCD lesions which appear
when epiphyseal lines are open will heal spontaneously
and only rarely will they result in secondary OA13. Thelikelihood of development of OA depends on the location
and size of the OCD14. The classically placed medial defect
seen in all cases of this family seldom results in OA and this
area is non-weight-bearing and so less prone to OA14. On
the other hand almost all individuals afﬂicted by OCD at the
time when the epiphyseal lines are closed develop OA13,23.
Despite early onset of OCD, seven out of 12 affected family
members with onset during childhood or adolescence had
developed OA. This is in contrast to the previously described
natural history of juvenile OCD and should be considered in
the follow-up of familial OCD. OA is a common disease in el-
derly peoplewhich could beaconfounding factor; someof the
cases may be expected to develop OA regardless of OCD.
ThecausesofOCD remain unclear16,24 but a constitutional
aetiology for OCD is supported by Mubarak and Carroll who
described 73 patients with 122 OCD lesions found in the
knee24. Almost half (47%) of their patients had multiple le-
sions and 30% had short stature. Familial cases are rare as
shown by Petrie et al. who described 86 ﬁrst grade relatives
to 34OCD patients and only one relative with OCDwas iden-
tiﬁed25. In our family a monogenetic predisposition to OCD is
evident because of the inheritance pattern. Candidate genes
include those encoding cartilage-speciﬁc collagens, proteo-
glycan core protein and link proteins, non-collagenous com-
ponents of the cartilage matrix, and genes involved in
cartilage and bone growth and maturation. Further genetic
linkage analysis on samples from this family is required in or-
der to identify gene regions and candidate genes for OCD.
Familial OCD have previously been described in combi-
nation with dwarﬁsm or variable short stature, multiple
OCD lesions, OA and tibia vara2,3,5e7,10,12. This is consis-
tent with our study of 15 affected family members. We
also show that this familial form of OCD is associated
with an altered childhood longitudinal growth resulting in
a relatively long trunk compared to total height as well as
a reduced normal growth spurt resulting in short stature.
Our observations also indicate that this inherited form of
OCD, with onset before epiphyseal closure, is associated
with the development of OA. Further studies are required
to clarify the growth pattern and complications in other
cases of familial OCD as well the potential beneﬁt of GH
treatment as illustrated by one case in this study.Conﬂict of interest
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